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Indian Standard 

SPECIFICATION FOR 
SELENIUM FOR GLASS COMPOSITIONS 

0. FOREWORD 

0.1 This Indian Standard was adopted by the Indian Standards 
Institution on 2 1 February 1 980, after the draft finalized by the 
Glassware Sectional Committee, had been approved by the Chemical 
Division Council. 

0.2 Selenium is generally used in glass and ceramics in the elemental 
form, although sodium and barium selenides have also found some use. 
It is used in glass industry chiefly as a decolorizer. The amount of 
selenium required for decolorizing depends mainly on the iron content of 
the glass batch. As the volatilization losses are high, care is taken to 
keep the iron content of the batch as low as possible. For producing 
coloured glass selenium is used along with some additives such as 
cadmium sulphide, arsenious oxide, carbon, etc; and by varying the 
proportions of the additives the final colour may be varied from intense 
yellow through orange to ruby red. Selenium is also utilized by the 
ceramic industry in the compounding of coloured glazes, frits for vitreous 
enamelware; and printing inks for glassware. Selenium is also used in 
pigments, rubber, and medicine besides electrical, optical and 
metallurgical purposes. 

0.3 For the purpose of deciding whether a particular requirement of this 
standard is complied with, the final value, observed or calculated, 
expressing the result of a test or analysis, shall be rounded off in 
accordance with IS : 2-1960*. The number of significant places retained 
in the rounded off value should be the same as that of the specified value 
in this standard. 



1. SCOPE 

1.1 This standard prescribes requirements and methods of sampling and 
test for selenium suitable for glass compositions. 



*Rules for rounding off numerical values ( revised)* 
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2. GRADES 



2.1 There shall be 3 grades of the material, namely, Grade 1 5 Grade 2 
and Grade 3 ( see Table 1 )„ 

3. REQUIREMENTS 

3.1 Description — Selenium shall be in the form of dark-red 
amorphous or bluish black crystalline powder, insoluble in water and 
soluble in solutions of the mixed alkali hydroxides or sulphides. It shall 
be free from foreign matter and visible impurities. 

3.2 The material shall also comply with the requirements prescribed 
in Table 1 when tested in accordance with the methods prescribed in 
Appendix A. Reference to the relevant clauses of Appendix A is given 
in col 6 of the table. 



TABLE 1 REQUIREMENTS FOR SELENIUM FOR 
GLASS COMPOSITIONS 



Sl Characteristic Requirements Method of Test- 
No. i * ■ > ( Ref to Cl No. 

Grade 1 Grade 2 Grade 3 of Appendix A ) 



(i) 



(2) 



(3) 



i) Ash content, percent by 0*8 

mass, Max 



(4) 
2'75 



{5) 
4*25 



(6) 
A-2 



ii) Lead (asPb), percent 0'7 

by mass, Max 



2*3 



3-7 



A-3 



iii) Selenium (as Se), 99'0 

percent by mass, Min 



970 



95*0 



A-4 



iv) Iron (as Fe), percent 0'04 0*07 

by mass, Max 



0-15 



A-5 



v) Coper ( as Cu ) 



To pass the To pass the To pass the A-6 

test test test 



vi) Chromium ( as Cr ) To pass the To pass the To pass the A-7 

test test test 



vii) Sulphur ( as S ), percent 0't 

by mass, Max 



0-2 



0-5 



A-8 
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4. PACKING AND MARKING 

4.1 Packing — The material shall be packed in airtight containers with 
replaceable closures. 

4.2 Marking — The containers shall be marked with the following: 

a) Name and grade of the material; 

b) Net mass of material in a container; 

c) Name of the manufacturer or his recognized trade-mark, if any; 
and 

d) Date and batch number of manufacture to enable the material 
to be traced from records. 

4.2.1 The material may also be marked with the ISI Certification 

Mark. 

Note— The use of the ISI Certification Mark is governed by the provisions of 
the Indian Standards Institution ( Certification Marks ) Act and the Rules and 
Regulations made thereunder. The ISI Mark on products covered by an Indian 
Standard conveys the assurance that they have been produced to comply with the 
requirements of that standard under a well-defined system of inspection, testing 
and quality control which is devised and supervised by ISI and operated by the 
producer. ISI marked products are also continuously checked by ISI for conformity 
to that standard as a further safeguard. Details of conditions under which a 
licence for the use of the ISI Certification Mark may by granted to manufacturers 
or processors, may be obtained from the Indian Standards Institution. 

5. SAMPLING 

5.1 The method of preparing representative samples of the materials and 
the criteria for its conformity to this specification shall be as prescribed 
in Appendix B. 



APPENDIX A 

(Clause 3.2) 

METHODS OF TEST FOR SELENIUM FOR 
GLASS COMPOSITIONS 

A-l. QUALITY OF REAGENTS 

A-l.l Unless specified otherwise, pure chemicals and distilled water 
(see IS : 1070-1977* ) shall be used in tests. 

Note — ' Pure chemicals ' shall mean chemicals that do not contain impurities 
which affect the results of analysis. 



♦Specification for water for general laboratory use ( second revision). 
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A=2. DETERMINATION OF ASH CONTENT 

A-2,1 Procedure — Weigh accurately about 3 g of the material dried 
at 105°C into a silica crucible, previously heated, cooled and weighed. 
Heat the silica crucible slowly with contents and finally ignite at 750 to 
800°C till constant mass is obtained. Reserve the residue in the silica 
crucible for subsequent tests ( see A-5.3 ). 

A-2.2 Calculation 

u 10 ° Mi 

Ash content, percent by mass = — — =-= — 

where 

M x = mass in g of the contents in the silica crucible after 
ignition, and 

M = mass in % of the material taken for the test. 

A-3. DETERMINATION OF LEAD 

A-3.0 Outline of the Method — The sample is dissolved in an acid 
mixture ( HNO s : H 2 S0 4 =1:1) and the solution is evaporated to light 
fumes of sulphuric acid. It is then diluted. Lead is separated as lead 
sulphate and determined gravimetrically. 

A-3.1 Reagents 

A-3.1. 1 Concentrated Nitric Acid — see IS : 264-1976*. 

A-3.L2 Dilute Sulphuric Acid — 1:1 ( vjv ). 

A-3.1. 3 Rectified Spirit 

A-3.I.4 Wash Solution — - 3 percent ( vjv ) dilute sulphuric acid. 

A-3.2 Procedure — Weigh accurately about 1 g of the dried material 
on a watch-glass, transfer quantitatively to a 500-ml beaker and add 
10 ml of concentrated nitric acid followed by 20 ml of dilute sulphuric 
acid. Stir and warm to dissolve the sample completely. Evaporate on 
a sand-bath to light fumes of sulphur trioxide. Cool, dilute the solution 
with water to about 200 ml and allow the precipitate to settle. 

A-3.2.1 Filter through a tared sintered glass crucible ( G. No. 4 ), 
wash three times with water containing 3 percent ( vjv ) of sulphuric 
acid. Finally wash with rectified spirit till free from sulphate. Dry the 
precipitate at 130 ± 2°C, cool in a desiccator and weigh to constant mass 
Reserve the filtrate for further test ( see A-4,2). 



♦Specification for nitric acid ( second revision ). 
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A-3.3 Calculation 

Lead ( as Pb ), percent = ^ — 

where 

Mi — mass in g of the precipitate, and 
M — mass in g of the material taken for the test. 

A-4. DETERMINATION OF SELENIUM 

A-4.0 General — Selenium is determined in the filtrate reserved 
in A-3.2.1 by reduction with sulphur dioxide to elemental form ( as Se } 
in the presence of hydrochloric acid. 

A-4.1 Reagents 

A-4.1.1 Concentrated Hydrochloric Acid — see IS : 265-1976* 
A-4.1.2 Liquid Sulphur Dioxide — contained in cylinder. 

A-4.2 Procedure — Boil the filtrate reserved in A-3.2.1 to expel alcohol 
and evaporate to about 40 ml. Cool the solution to room temperature, 
add 160 ml of cold concentrated hydrochloric acid and immediately pass 
sulphur dioxide at a rapid rate till precipitation of selenium is complete. 
Filter the precipitate through a tared sintered glass crucible ( G. No. 4), 
wash with cold water until free from chloride. Dry the precipitate 
at 120 to 130°C for 2 hours, cool in a desiccator and weigh to constant 
mass. 

A-4. 3 Calculation 

o , - , c x Af x x 100 
Selenium ( as be ), percent = ^ — 

where 

Mi = mass in g of selenium, and 
M = mass in g of the sample taken for the test in A-3.2. 

A-5. DETERMINATION OF IRON 

A-5.0 Outline of the Method — Iron is determined photometrically by 
measuring the intensity of colour of ferrous orthophenanthroline complex 

at 510 ntn. 



fSpecification for hydrochloric acid {second revision). 
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A-5.1 Apparatus 

A-5.1.1 Photoelectric Colorimeter j Spectrophotometer 

A-5.2 Reagents 

A-5.2.1 Concentrated Nitric Acid — see IS : 264-1976*. 

A-5.2.2 Concentrated Hydrochloric Acid — see IS : 265-1 976f. 

A-5.2.3 Dilute Sulphuric Acid — 1:1 (v/v). 

A-5.2.4 Diluted Hydrochloric Acid — 1 : 1 ( vjv ). 

A-5.2.5 Ammonia Solution — relative density 0*90. 

A-5.2. 6 Tartaric Acid — ■ aqueous solution 10 percent ( m\v ). 

A-5.2.7 p-Nitrophenol — alcoholic solution 1 percent ( mjv). 

A-5.2.8 Hydroxylamine Hydrochloride — aqueous solution 10 percent 

{mlv). 

A-5.2.9 o-Phenanthroline — aqueous solution 1 percent ( mjv ), stored in 
a polythene bottle. 

A-5.2.10 Standard Iron Solution — Weigh accurately 0*2 g of pure iron 
(washed in ether to remove greasy film and dried in air ) and dissolve in 
20 ml of dilute hydrochloric acid (1:1). Dilute the solution to 100 ml. 
Transfer the solution to a 1000-ml volumetric flask, dilute with water up 
to the mark and mix. Transfer 100 ml of this solution to a 1000-ml 
volumetric . flask, dilute with water up to the mark and mix. One 
millilitre of this diluted solution is equivalent to 0*02 mg of iron ( as Fe). 

A-5,3 Procedure — Treat the residue in silica crucible preserved 
in A-2.1 with 15 ml of concentrated hydrochloric acid and 5 ml of 
concentrated nitric acid, digest on a water-bath and allow to evaporate 
to dryness. Repeat the evaporation with 5 ml of dilute sulphuric acid 
and heat to copius fuming on a sand-bath. Cool, transfer the contents of 
the silica crucible to a 250-ml beaker with water. Boil for about 5 minutes 
and filter if necessary. Transfer to a 100-ml volumetric flask, make up 
the volume with water and reserve this for subsequent tests. 

A-5.3.1 Transfer 10 ml of the solution reserved in A-5.3 to a 100-ml 
volumetric flask, add 10 ml of tartaric acid solution and neutralize with 
ammonium hydroxide using two drops of />-nitrophenol indicator. 



♦Specification for nitric acid ( second revision ). 

f Specification for hydrochloric acid ( second revision ). 
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When the colour of the solution changes to yellow, remove the colour 
by adding dilute hydrochloric acid drop by drop. Add 2 ml of 
hydroxylamine hydrochloride solution followed by 10 ml of o-phenathroline 
solution, and make up the volume with water. 

A-5.3.2 Prepare a blank solution using the same quantities of the 
reagents and proceed as in A-5.3. Transfer quantitatively to a 100-ml 
volumetric flask, dilute up to the mark with water and mix. Prepare 
solution A and B as follows: 

Solution A — Transfer 10 ml of the solution prepared in A-5.3.2 into 
100-ml volumetric flask, add 10 ml of tartaric acid 
solution followed by other reagents as in A-5.3.1 and 

make up the solution to the mark. 

Solution B — Transfer 10-ml of the solution prepared In A-5.3.2 into 
a 100-ml volumetric flask, add 5 ml of standard 
iron solution ( A-5.2.10 ) followed by 10 ml of tartaric 
acid solution and other reagents as in A-5.3.1 and 
make up the solution to the mark. 

A-5.3. 3 Set the instrument at wavelength 510 nm and optical density 
zero with blank solution A ( A-5.3.2 ). Measure the optical densities of 
the test solution ( A-5.3,1 ) with relation to Solution B ( A-5.3.2 ). 

A-5.4 Calculation 

Iron ( as Fe ), percent by mass — -q ■= x 0'01 

where 

d — optical density of the test solution ( A-5.3.1 ), 

I) =z optical density of the solution containing standard iron 
solution(Solution B of A-5.3.2 ), and 

M = mass in g of the sample in the aliquot taken for the 
test in A-5.3.1. 

A-6. TEST FOR COPPER 

A-6.1 Reagents 

A-6.1.1 Ammonium Citrate Solution — Dissolve 200 g of citric acid in 
150 ml of water and 210 ml of ammonium hydroxide. Add a pinch of 
sodium diethyldithiocarbamate and extract traces of copper, if any, with 
chloroform. Dilute the solution to 500 ml. 
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A-6.1.2 EDTA Disodium Salt Solution — 5 percent ( mjv) in water. 

A-6.1.3 Ammonium Hydroxide — 1 : 1 ( vjv ). 

A-6.1.4 Cresol Red — 0*1 percent ( m/v ) in water. 

A-6.1.5 Sodium Diethyldithiocarbamate Solution — 0*1 ( m/v ) in water. 

A-6.1.6 Chloroform 

A-6.1.7 Dilute Hydrochloric Acid — 1 : 1 ( vjv ). 

A-6.2 Procedure — Transfer 25 ml of the sample solution, prepared 
in A-5.3, to a 250-ml beaker. Add 5 ml of ammonium citrate solution, 
5 ml of EDTA solution and 2 drops of cresol red. Add ammonia dropwise 
until the indicator shows its alkaline colour (/>H8*5). Transfer the 
solution to a separating funnel and add 5 ml of sodium diethyldithio- 
carbamate. Shake vigorously with 5 ml of chloroform for 30 seconds. 
Collect the chloroform extract in a 25-ml volumetric flask and dilute 
up to the mark with chloroform. 

A-6.2.1 Prepare a blank test solution taking 25 ml of water acidified 
with 5 ml of dilute hydrochloric acid in place of the sample solution 
and using the same quantity of reagents and procedure as above. Finally 
collect the chloroform extract in a 25-ml volumetric flask and dilute up to 
the mark with chloroform. 

A-6.2.2 The material shall be taken as having passed the test if the 
colour of the sample solution in A-6.2 is not deeper than that of test blank 
solution ( A-6.2.1 ). 

A-7. TEST FOR CHROMIUM 
A-7.1 Reagents 

A-7.1.1 Dilute Hydrochloric Acid — 1 : 1 ( vjv ). 

A-7.1.2 Diphenylcarhazide Solution — 0'2 percent ( mjv ) in acetone. 

A-7. 1.3 Potassium Permanganate Solution — O'Ol N approximately. 

A-7.2 Procedure — Transfer 25 ml of the sample solution, prepared 
in A-5.3 to a 250-ml breaker and add dropwise potassium permanganate 
solution and boil till the colour persists. Then add dilute hydrochloric 
acid, boil to discharge the permanganate colour. Cool and transfer to a 
100-ml volumetric flask. Add 4 ml of diphenylcarbazide solution, make 
up the volume to the mark with water and mix. 

10 
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A-7.2.1 Prepare a blank test solution taking 25 ml of water acidified 
with 2 ml of dilute sulphuric acid ( 1 : 1 ) in place of the sample solution 
and using the same quantities of reagents and procedure as above and 
finally adding 4 ml of diphenyl carbazide solution and making the 
volume up to the mark with water. 

A-7.2.2 The material shall be taken as having passed the test if the 
colour of the sample solution ( A-7.2 ) is not deeper than that of the blank 
solution ( A-7.2.1 ). 

A-8. DETERMINATION OF SULPHUR 

A-8.0 Outline of the Method — The determination of small amounts 
of sulphur is realized by oxidising the sulphur to sulphate, precipitating 
as barium sulphate, and estimating its amount gravimetrically. 

A-8.1 Reagents 

A-8.1.1 Concentrated Nitric Acid — see IS : 264-1976*. 
A-8. 1.2 Perchloric Acid 

A-8. 1.3 Barium Chloride Solution — 10 percent ( mjv ). 
A-8.1.4 Hydrofluoric Acid 

A-8. 2 Procedure — Weigh accurately about 3 g of the sample and 
transfer to a 500-m beaker. Add 20 ml of nitric acid and dissolve the 
sample gently on a hot-plate. Add 5 ml of perchloric acid and heat to 
fuming. Dilute the solution to about 250 ml, filter if necessary, heat to 
boiling and add slowly with stirring 5 ml of barium chloride solution. 
After boiling the solution gently for about 15 minutes, allow the 
precipitate to settle for one hour. Filter through Whatman No. 42 or 
equivalent filter paper, wash with water, dry and ignite the precipitate 
carefully. Treat the mass with 5 ml of hydrofluoric acid and 5 drops of 
sulphuric acid (1:1), heat to copious fuming and ingite. Finally cool 
in a desiccator and weigh to constant mass. 

A-8.3 Calculation 

13'74 M t 



Sulphur ( as S ), percent = 



M 
where 

M x = mass in g of the precipitate, and 
M ~ mass in g of the sample taken for test. 



•Specification for nitric acid {second revision). 
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APPENDIX B 

(Clause 5.1) 

SAMPLING OF SELENIUM FOR GLASS COMPOSITIONS 
B-l. SCALE OF SAMPLING 

B-l.l Lot — In a single consignment all the containers of the material 
belonging to the same grade and same batch of manufacture shall 
constitute a lot. 

B-l .2 For ascertaining the conformity of the material in the lot to the 
requirements of the specification, samples shall be tested from each lot 
separately. 

B-l. 3 The number of containers to be selected from a lot shall depend 
on the size of the lot and shall be in accordance with Table 2. 

TABLE 2 SCALE OF SAMPLING 

Number of Containers Sample Size 

in the Lot 

N n 

(t) (2) 

Up to 25 2 

26 to 50 3 

51 to 100 4 

101 to 300 5 

301 to 500 6 

501 and abovf 7 

B-l. 3.1 These containers shall be selected at random. In order to ensure 
the randomness of selection, reference may be made to IS : 4905-1968*. 
In case this standard is not readily available, following procedure may be 
adopted; 

Starting from any container in the lot, count them in one order 

as 1, 2, 3 up to r and so on where r is the integral part of Njn. 

Every rth container thus counted shall be withdrawn till the 
requisite number of containers is obtained. 



♦Methods for random sampling. 
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B«2. TEST SAMPLES AND REFEREE SAMPLES 

B-2.1 From each of the containers selected according to B-1.3, a small 
representative portion of the material shall be drawn with the help of 
suitable sampling implement. The approximate quantity of material 
to be drawn from the container shall be thrice the quantity required for 
testing various requirements of the specification. 

B-2.2 Out of all these portions, a small but approximately equal 
quantity of material shall be taken and thoroughly mixed to form a 
composite sample, sufficient for carrying out triplicate determinations for 
all the characteristics tested on the composite sample. The composite 
sample shall be divided into three equal parts, first for the purchaser, 
second for the supplier and third to be used as a referee sample. 

B-2.3 The remaining portions of the material from each container shall 
be divided into three equal parts each forming an individual sample. 
One set of individual samples shall be marked for purchaser, another for 
the supplier and third to be used as a referee sample. 

B-2.4 All the individual and composite samples shall be transferred to 
separate containers. These containers shall than be sealed airtight with 
stoppers and labelled with full identification particulars. 

B-2.5 The referee test samples consisting of a composite sample and a set 
of individual samples shall bear seals of both the purchaser and the 
supplier. They shall be kept at a place agreed to between the purchaser 
and the supplier to be used in case of any dispute between the two. 

B-3. NUMBER OF SAMPLES 

B-3.1 Selenium content shall be tested on each of the individual samples. 

B-3.2 Tests for determination of all the remaining characteristics given 
in 3 of the specification shall be conducted on the composite sample. 

B-4. CRITERIA FOR CONFORMITY 

B-4.1 For Individual Sample — The test results on selenium content 
tested on individual samples shall be recorded. Mean(^) and range 
( R ) of the test results should be computed as follows: 

A/f f r y\ — The sum of test results 
a \ J ~~ n 0# f test results 

Range (R) = The difference between the maximum and 
the minimum values of the test results. 

13 



IS : 9425 - 1980 

B-4.1.1 The lot shall be declared as conforming to requirements of 
selenium content if the expression ( X— 0*6 R) is greater than or equal 
to the minimum values given in Table 1 . 

B-4.2 For declaring the conformity of the lot to the requirements of other 
characteristics determined on the composite sample, the test results for 
each of the characteristics shall satisfy the relevant requirements given in 
Table 1 of the specification. 

B-4.3 The lot shall be declared as conforming to the requirements of 
this specification if B-4.1 and B-4.2 are satisfied. 
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